INTRODUCTION
Various behavioral and psychophysiological techniques have been reported to reduce the blood pressure of hypertensive patients, sometimes to an impressive degree. These techniques include blood pressure feedback, transcendental meditation, relaxation training, National Heart, Lung and Blood Institute, National Institutes of Health, Bethesda, Maryland 20014.
*Present address: Department of Psychiatry,and hypnosis, either alone or in combination. Benson et al. in 1971 (1) , in the first report of the use of blood pressure feedback in a study of essential hypertensives, found "meaningful" decreases of blood pressure in five of the seven outpatients treated with systolic blood pressure feedback. In other studies of systolic blood pressure feedback, Goldman et al. (2) and Kleinman et al. (3) found significant decreases in blood pressure between and during laboratory sessions in outpatients undergoing nine weekly training sessions; Kristt and Engel (4) were able to teach four of five hospitalized patients to both raise and lower systolic pressure during 3 weeks of daily training.
In studies with diastolic blood pressure feedback, Miller (5) reported the reduction of diastolic blood pressure from 97 to 77 mm Hg in an intensively treated patient with a cerebrovascular accident. Elder et al. (6, 7) significantly reduced diastolic but not systolic blood pressure in intensively treated hospitalized hypertensives, but were unable to achieve comparable results with outpatients. Schwartz and Shapiro (8) found no reduction in diastolic blood pressure in six of seven outpatients. More recently, Surwit and Shapiro (9) found no significant decreases in blood pressure in any group when they compared the antihypertensive effects of combined heart rate and systolic blood pressure feedback with those of electromyographic (EMG) feedback or a meditation-relaxation procedure.
In behavioral studies not employing blood pressure feedback, all investigators except Pollack et al. (10) reported encouraging results. Patel and North (11) , adding a combination of EMG and skin conductance feedback and yogic relaxation exercises to ongoing drug treatment, impressively reduced blood pressure in 17 outpatient hypertensives in comparison with a matched control group. Taylpr et al. (12) , also working with patients receiving antihypertensive drugs, showed that a program of supplementary relaxation training was more effective than supportive psychotherapy or drugs alone. Other studies have reported the blood pressure lowering effectiveness of transcendental meditation (13) (14) (15) , yoga (16) , other kinds of relaxation (17) (18) (19) (20) (21) (22) , and verbal instructions (23) in patients with hypertension. However, most of these studies (Patel and North's being the outstanding exception) have lacked control procedures or other methodological features that would permit firm conclusions to be drawn about the effectiveness of the methods of treatment. 1 l Since the time this report was submitted for publication a comprehensive review of this area has been published by Shapiro et al. (34) . This review is highly recommended to the interested reader.
We present a study of the use of a combination of diastolic blood pressure feedback and relaxation techniques for the management of hypertension. The study was designed to give information about the carryover of effects from practice sessions, the comparison of treatment with untreated and sham-treated subjects, compliance with home practice schedules, and the use of psychological tests to preselect responsive subjects.
METHODS

Subjects
Twenty-two outpatients with uncomplicated essential hypertension were studied. Characteristics of the patients are shown in Table 1 . Each subject had undergone a diagnostic evaluation of his hypertension that included a urina'lysis, urine culture, intravenous pyelogram, and serum electrolytes; additional studies included plasma renin activity [12 patients] , aldosterone excretory rate [10] , renogram [15] , renal arteriogram [1] , and vanilmandelic acid excretion or plasma catecholamine levels [19] ; no evidence of a primary etiology was found. Seven patients continued preexisting diuretic therapy throughout, whereas 15 received no medications beginning at least 3 weeks before the study. All subjects were advised prior to giving written informed consent that they might be randomized into a group that received no active therapy. Before beginning the experimental period, each subject underwent the following psychological tests; Minnesota Multiphasic Personality Inventory, Zung Depression Scale, Eysenck Personality Inventory, Zuckerman Multiple Adjective Checklist, Jenkins Activity Scale, and the Barber Suggestibility Scale. The test results were later correlated with responses to treatment.
Study Design
The sequence of study periods is shown in Fig.  1A . Candidates for the study underwent an initial series of eight blood pressure determinations over a 6-to 8-week period. Those subjects showing average diastolic blood pressure readings between 90 and 105 mm Hg while they were supine were ran- Dropped out of-AT protocol after crossing over because of increasing DBP levels. domly allocated to one of three protocols using a After completion of the 16-week period, seven parandom number table with stratification based on tients in groups 2 and 3 elected to participate in the the use or nonuse of diuretic therapy. The three AT protocol, protocols were:
1. Active Treatment (AT). Seven patients underwent a flexible combination of diastolic blood pressure feedback, frontalis EMG feedback, autogenic training, and a progressive relaxation exercise during 20 laboratory sessions over 16 weeks. Individual techniques were introduced in successive sessions so that subjects were practicing all techniques by the seventh session (Fig. IB) . They were also instructed to practice feedback, autogenic exercises, and relaxation (via a tape) at home on a regular basis. 
Laboratory Sessions
Each patient participating in the AT and ST protocols was seated in a reclining chair in a quiet room and was monitored as follows:
1. An arm cuff placed on one arm was used for automatically monitoring blood pressure at 1-to 2-min intervals via an Arteriosonde (Hoffman-La Roche, Inc., Nutley, N. J.).
2. On the other arm, an arm cuff connected to the automated system developed by Tursky et al. (24) was used for diastolic blood pressure feedback (Lexington Instrument Co., Waltham, Mass.).
3. Three disc electrodes taped to the clavicular areas and left forearm permitted electrocardiographic monitoring.
4. Frontalis muscle EMG activity picked up by two electrodes taped to the forehead was conducted to a BIFS Model B-l EMG feedback system (BioFeedback Systems, Inc., Boulder, Colo.).
The sequence during a laboratory session of AT is shown in Fig. IB . Following a hookup period the subject was left alone and monitored for 5 min. The experimenter then reentered, discussed the patient's current life situation and progress, and in the case of AT subjects, logged the daily home practice questionnaires before leaving again. All subjects then underwent a blood pressure feedback procedure followed by EMG feedback and autogenic and relaxation training. During a laboratory session of ST a similar sequence for hookup and pretreatment discussion was followed. Treatment consisted of simulated (noncontingent) feedback. EMG feedback and autogenic and relaxation training were omitted.
Blood Pressure Feedback. Diastolic blood pressure feedback ( Fig. 1 ) was performed using the automated blood pressure measuring device. The arm cuff was automatically inflated to a constant pressure near the diastolic level for periods of 30 heartbeats. A microphone over the distal brachial artery picked up Korotkoff sounds when diastolic blood pressure was below cuff pressure.
In the AT session an electronic coincidence circuit activated a sound and a light signal whenever the R wave of the EKG pickup was followed by a Korotkoff sound. These signals informed the patient of each heartbeat associated with a diastolic pressure below cuff pressure. He was encouraged to increase the number of feedback signals and thereby to lower his blood pressure. This device was programmed to increase the cuff pressure by 3 mm Hg on the next trial if the percentage of heartbeats followed by a Korotkoff sound was below 25% (i.e., the task was too difficult) and to decrease the cuff pressure by 2 mm Hg if the preceding percentage exceeded 75% (i.e., the task was too easy). In addition to receiving beat-by-beat information, the patient was informed at the end of each trial of the percentage of beats with diastolic pressure below cuff pressure, was given appropriate verbal reinforcement, and was informed whether the next trial would be easier or more difficult. During a typical session a subject underwent 30 trials each of 30-beats duration and with an intertrial interval of approximately 5-10 sec.
For the ST group, advantage was taken of the fact that disconnecting the microphone input jack from the console of the device resulted in a sound and flash of light with every heartbeat. During sham trials, the cuff was inflated to 10 mm Hg below the base-line diastolic blood pressure and the microphone input jack was repeatedly disconnected (sound and light on) and reconnected (sound and light off) manually to give a predetermined percentage of feedback signals during the 30 heartbeats in each of 20 trials. This percentage was varied from trial to trial but the patient was given an overall sense of success by causing signals for more than half of the beats in approximately three-quarters of the trials. The actual scores and the sequence of their presentation were varied systematically from session to session in order to minimize the possibility of the patient's discovering that he was in the sham feedback group.
Frontalis EMG Feedback. AT patients received training in relaxation of the frontalis muscle via frontalis EMG feedback, as described by Budzynski and Stovya (25) . The level of EMG activity of this muscle was relayed to the patient as a continuous tone whose frequency varied directly with the level of muscle tension. At the conclusion of each of ten 64-sec trials (separated by 20-sec pauses), the patient was given a score based on the integrated EMG output of the preceding trial. The patient was instructed to attempt to decrease the frequency of the sound and to lower the score and thus relax the frontalis muscle.
Autogenic and Relaxation Training. The AT patients also received autogenic training as described by Luthe (26) ; this is a form of autosuggestion in which the subject thinks repetitively of simple, standard phrases emphasizing bodily sensations associated with relaxation (e.g., "my right arm is heavy"). These are introduced in a progressive sequence allowing for growth in the subject's skill with practice. AT patients practiced the autogenic exercises for about 10 to 15 min. After a 3-to 5-min pause, the therapist guided the patient through a 10-to 15-min exercise utilizing the progressive relaxation technique described by Pascal (27) . Toward the end of this, suggestions were given to the patient about enhancing responses by practicing at home and applying the techniques during daily activities.
Home Practice. AT patients were asked to practice the autogenic exercises for 5 to 8 min three times daily and the relaxation techniques of Wolpe and Lazarus (28) for 15 to 20 min once every other day using a series of cassette tapes (available from In-
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structional Dynamics, Inc., Chicago, II.). On the intervening days when not scheduled to listen to the tapes, they practiced frontalis muscle relaxation (via a portable EMG feedback unit built at the NIH) once daily for 20 min for the first 4 weeks at the AT period and diastolic BP feedback (utilizing the Parke Davis BPI 2200 sphygmomanometer) twice daily for 10 min for the next 12 weeks. Each day, AT patients filled out a brief questionnaire designed to enhance motivation and monitor home practice. The completed questionnaires were brought to the laboratory for each session and discussed briefly. The ST patients were not instructed in any home practice maneuvers.
Therapists
The two therapists (B.L.F. and D.J.P.) saw approximately equal numbers of patients in the AT and ST groups. They monitored one another and followed set procedures to minimize differences in technique. Each therapist also filled out a standard form at each AT session on which he rated average amount of practice, subjective reactions and attitudes of the patient, and tension-inducing potential of external events in the patient's life.
Blood Pressure Monitoring
The means of the three blood pressure determinations taken by the Arteriosonde before and after blood pressure feedback, EMG feedback, and the relaxation exercises were used to assess the changes in pressure associated with each of these laboratory procedures.
The persistence of treatment effects were estimated from recordings of blood pressure and pulse that were made weekly in a special room by the same nurse (who was blind to the patient's experimental status); these recordings either preceded a laboratory session or were on a different day. Blood pressure was measured three times by the arm cuff method after subjects were supine for 8 min and once after 2 min of standing. Subjects were instructed to relax generally but not to specifically practice their techniques during these blood pressure observations. For each subject, the means of the last six visits in the base-line and experimental periods were compared and significance was computed using the t-test (see Table 1 ).
RESULTS
Clinic Measurements
Average blood pressure of a group of 14 hypertensive subjects (7 AT; 4 ST and 3 NT after crossover to AT) did not change significantly during a 4-month program that combined diastolic blood pressure feedback, EMG feedback, and verbal relaxation techniques; comparison of the mean values during the last six visits of the pretreatment and treatment periods revealed a decrease of 0 / -1 mm Hg (systolic/diastolic) while subjects were supine and an increase of +1/0 mm Hg when subjects were standing. Mean values for individuals and subgroups are shown in Tables 1 and 2 . These values were obtained by an independent monitor outside of the training laboratory and were intended to measure the patient's blood pressure independent of any possible laboratory effects.
One patient (No. 10, Table 1 ) showed a clinically and statistically significant (P <0.05) drop in blood pressure during active treatment (16 /10 and 6 /4 mm Hg in supine and standing postures, respectively), whereas she showed inconsequential changes during a prior period of sham blood pressure biofeedback. She achieved further blood pressure reduction during 18 months of subsequent followup; weekly measurements in the final 6 of these months revealed further decreases in blood pressure of 3 /4 and 8 /0 mm Hg to mean levels of 124 /81 and 119 /84 (supine and standing, respectively). Smaller decreases (P> 0.05) in blood pressure were noted for Subjects 6 and 7, but these resembled the changes in Subjects 8 and 12 who underwent sham blood pressure biofeedback and were comparable in c Note that for AT crossover patients, the active treatment data are compared to the data of the immediately preceding final 6 weeks of the sham-or no-treatment protocol rather than to that of the baseline period.
magnitude to the rises in pressure experienced by Subjects 1, 2, and 4. Two subjects (Nos. 12 and 19) in the crossover active treatment group were withdrawn and placed under drug therapy because of rising levels of blood pressure.
Laboratory Training Sessions
Mean blood pressure levels in the training laboratory at the start of sessions showed no significant trend during the 4-month course of training (Table 3) . Average results in the laboratory were similar to independent observations in the clinic (Table 2) , although the correlation for individual patients was often poor. Patients differed in their ability to lower diastolic blood pressure during AT blood pressure feedback sessions and could be divided into two groups: those able to reduce their average diastolic pressure (12 patients) and those who increased their average diastolic pressure (2 patients, Nos. 2 and 4). Average changes during the last six sessions in pressures were -41-3 mm Hg for the first group and -1/5 mm Hg for the second (-31-2 overall); these effects had usually receded by the time the subjects left the laboratory. Subject 10, who achieved the greatest average blood pressure reduction ( -6 / -5 mm Hg) during blood pressure feedback, also had the most convincing long-term effects on blood pressure; however, she also had the greatest response [-71-5 mm Hg) during her earlier sessions of sham blood pressure feedback. The seven patients who underwent sham blood pressure feedback reduced blood pressure during the final six sessions (-51-2 mm Hg) as effectively as subjects who underwent authentic training. The use of EMG feedback and relaxation exercises in the AT patients yielded no blood pressure reduction on the average beyond that associated with blood pressure feedback.
Home Practice
Analyses of the daily logs of the 14 patients who completed the program of active treatment revealed a 91% average (4) 94 (4) 92 (6) Sessions 15-20 a SBP 150 (7) 151 (8) 148 (7) DBP 98 (4) 94 (3) 93 (4) a Mean (SEM); mm Hg. b SBP = systolic blood pressure; DBP = diastolic blood pressure.
level of compliance, i.e.; they reported carrying out 91% of scheduled home practice assignments. The compliance levels of the three patients with the most favorable blood pressure levels in the clinic were similar to those of most other patients. The patients also generally reported consistently utilizing their developing relaxation skills in environmental situations that had been specified as stressful in previous discussions with the therapists.
Additional Findings
Toward the end of the program of active treatment most of the 14 patients reported an increased ability to relax and to cope more effectively with stressful situations. Similarly, 5 of the 7 patients who underwent only sham blood pressure feedback reported feeling more relaxed, but did not report increased skills in coping with specific stresses. Five of the 14 patients completing the program of active treatment had been noted to have recurrent headaches diagnosed as the muscle contraction or tension type during their initial evaluation (Patients 6,8,11,15, and 17) ; all five reported moderate to marked reduction in the frequency and severity of the headaches. They, as well as the other subjects, underwent frontalis EMG feedback training as part of the active treatment protocol.
Four of these 5 patients had previously completed the sham or no-treatment protocols but reported no change in their headaches. Prospective psychological testing revealed no correlation of test results with the outcome of the blood pressure studies.
DISCUSSION
In this study, a combination of diastolic blood pressure feedback, EMG feedback, and verbal relaxation techniques usually failed to effect a clinically meaningful reduction in blood pressure in a group of patients with mild essential hypertension.
The disappointing results applied both to laboratory training sessions, where reduction in blood pressure tended to be small in magnitude and transitory; and to observations in the clinic, where little prolonged benefit was found. The results from one patient do demonstrate, however, that an occasional patient can achieve useful effects on blood pressure with the techniques employed; Patient 10 showed sustained, pronounced reduction of blood pressure to normal levels. Other patients, however, showed increase in blood pressure that in two cases required withdrawal from crossover studies.
These results resemble those of Schwartz and Shapiro (8J and Surwit and Shapiro (9) who found no reduction in the blood pressure of hypertensives undergoing diastolic and systolic blood pressure feedback, respectively. Miller (29] , although he achieved striking blood pressure reduction in an intensively trained patient with a cerebrovascular accident, had little success with 27 other hypertensive patients who underwent diastolic blood pressure feedback training; even in the patient with pronounced blood pressure reduction, drug therapy had to be resumed when blood pressure rose in response to emotional stresses. In contrast to these studies, Benson et al. (1) and Kristt and Engel ,(4) using systolic feedback and others using relaxation techniques appear to have achieved favorable results (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . The average decreases in blood pressure during laboratory {paining sessions in this study were 3 /2 mm Hg (systolic /diastolic) for blood pressure feedback and 5 /2 mm Hg during sham feedback; these approached the 4/4 mm Hg (systolic/diastolic) obtained by Kleinman et al. (3) and the 5 mm Hg systolic of Benson etaL (1) but were less than the 7.0 mm Hg systolic achieved by Goldman et al. (2) and the 9 mm Hg systolic of Kristt and Engel (4) . The failure to find useful carryover of effects on blood pressure in this study presumably reflected at least in part the small reductions in pressure achieved during laboratory sessions. It is possible that a more intensive training regimen would have increased our success but such a program would have made compliance more uncertain and would have been impractical for most of the subjects. The more frequent use of antihypertehsive medications concurrently with behavioral therapies in other studies may be an additional factor explaining differences from the presentstudy. Our efforts to design and adhere to a protocol having strict control procedures may have interfered with maximizing clinical efficacy and in retrospect may have been important in some patients, failing to achieve meaningful blood pressure reductions For example, in the 4-month active treatment period, procedures were introduced on a strict schedule without sufficiently specific criteria of patient readiness for them. Tailoring the exposure to specific techniques to the effectiveness of their utilization and having sessions as necessary devoted solely to discussing and resolving difficulties in acquisition of skills might have facilitated a positive clinical response in some patients. Incorporating such clinical flexibility as part of a rigorously designed protocol, however, appears to be a formidable challenge but one worthy of careful consideration in future studies.
This study did incorporate several desirable elements of design that were commonly absent in prior studies ( Table 4 ). The practice of measuring blood pressure in a setting distinct in time, place, and personnel from the training laboratory and the precaution of instructing patients not to practice blood pressure lowering techniques during blood pressure measurements were intended to permit more valid evaluation of the carryover of effects on blood pressure. Only the studies of transcendental meditation by Benson et al. (13, 14) and by Pollack et al. (10) appear to have explicitly utilized these precautions.. Without them, it is possible that blood pressure lowering was conditioned to specific settings and occurred only when blood pressure lowering maneuvers were actually practiced. [This may partially account for the results in the study of Patel and North (11) .] In the absence of measurements of carryover of effects, a patient and his physician might incorrectly as-sume that the patient was protected and might forego necessary medical therapy.
The long baseline (6-8 weeks) in this study was an uncommon feature of previous studies. Many of the patients initially referred to as hypertensives in this study were rejected because their blood pressure fell to and remained at normotensive levels during base-line observations. In studies with a short base-line period and no control group this spontaneous fall might have been interpreted as a result of therapy. This study utilized both sham and no-treatment control groups' as aids in differentiating nonspecific from treatment effects. Only the studies of Patel and North (11) and Taylor et al. (12) were comparable to this study in having equivalent numbers and frequency of active treatment arid control sessions. However, Patel and North's control procedure, nonspecific relaxation, is unlikely to have been as convincing to patients as the combination of feedback and yoga which was employed for treatment and would not be preferred to the noncontingent feedback used in this study. Pronounced reductions in blood pressure have been reported in response to credible placebo treatments (30) and to verbal directional instructions (23) ; in view of these, nonspecific relaxation or no treatment do not appear to be the optimal control procedures for assessing the clinical specificity of complex psychophysiologic therapies, biofeedback in particular. One needs to have a sham treatment group.
Finally, the systematic assessment of patient compliance with home practice schedules has been generally absent in previous studies with the exception of the work of Taylor et al. (12) and Kristt and Engel (4) , the latter innovatively utilizing the daily mailing of postcards from home to laboratory Studies utilizing even relatively simple drug regimens have described difficulties in achieving adherence to treatment schedules (31) . The high level of compliance reported by patients in this study may have reflected the special conditions of an experimental situation; similar compliance might be more difficult to achieve under usual conditions of practice. There was no obvious correlation between reports of home practice and effects on blood pressure.
Although the active and sham treatment protocols were similar with regard to effecting average within-session or sustained blood pressure reductions, it was only the former that was associated with improvement in other symptoms such as tension headache and with the one instance of pronounced sustained decrease in blood pressure. On the other hand, only in association with active treatment did some patients have significant blood pressure increases requiring interruption of active treatment (Patients 12 and 19); for these patients the frustration experienced in unsuccessfully coping with the demands of the blood pressure and EMG feedback procedures may have contributed to a pressor effect, whereas the sham blood pressure feedback may have been less demanding because it conveyed the appearance of moderate success.
In conclusion, our overall findings do not support the practical usefulness of the combination of blood pressure feedback and relaxation techniques that was investigated. Even in other studies that reported substantial within-session reduction of blood pressure with nondrug therapies there was usually little indication of carryover of effects to other settings or to stressful situations. The hypertensive patient requires continuous control of his blood pressure but often does not have the incentive that comes from achieving f,A fourth patient trained and took BP's at home only.
